Purpose The purpose of this study was to describe clinical features, risk factors, causative organisms, treatment options, and outcomes of post-traumatic endophthalmitis in children and adolescents. Methods Retrospective interventional case series. Case records of 143 consecutive eyes presenting with post-traumatic endophthalmitis between 1997 and 2007 were reviewed. Univariate and multivariate analysis were done to analyze factors associated with adverse outcomes. Results Mean age at presentation was 9.2 years (median 8 years, range: 2 months to 18 years). Broomstick and hypodermic needle were most common causes for injuries. Common presenting features were cataract (n = 51), hypopyon (n = 45) and retinal detachment (n = 29). Corneal abscess (n = 21; OR: 5, CI: 1.4-18.7) and retinal detachment (n = 29, OR: 5, CI: 1.6-11.3) were independent risk factors for poor outcome (P = 0.04 and 0.012, respectively). Gram-positive bacteria were isolated in 54% (n = 31) of culture-positive cases. Forty-nine (34%) patients had ambulatory vision at final visit. Patients who received treatment within 24 h were 3.6 and 9 times more likely to have better anatomical outcome than those treated at 2-7 days, or 47 days, respectively (P = 0.0001). Patients undergoing early vitrectomy were 27 times more likely to have better outcome (P = 0.0001). Conclusion Post-traumatic endophthalmitis in children is more common in boys o10 years of age and most often caused by injury with organic matter. Corneal abscess and retinal detachment are associated with poor outcome. E. fecalis is the most common causative organism. Early vitrectomy results in better outcomes.
Introduction
Children are known to be prone to trauma and open globe injuries. 1 Post-traumatic endophthalmitis (PTE) is a rare but sight-threatening complication that leads to blindness in large number of patients. The incidence of PTE in subjects in pediatric age group was estimated to be 2.8% of all patients with ocular trauma. 2 Several clinical features like male sex, size of the corneal tear, lens rupture, presence of intraocular foreign body, time taken for intervention, and rural background have been identified as risk factors for development of PTE in adults. [3] [4] [5] Children are not 'small adults' and management strategies used for adults cannot be directly applied to pediatric cases. Even the clinical features, microbiological profile, and response to treatment are known to differ from adults. 2 This necessitates studies with focused attention on this special age group for better understanding of clinical features and development of optimal-treatment strategies. There are very few reports in the literature about PTE in pediatric patients. PubMed search using the keywords 'post traumatic', 'endophthalmitis', 'children', and 'paediatric' revealed only nine relevant reports. The purpose of this study was to describe the presenting clinical features, microbiological profile and management of PTE in 143 eyes of pediatric patients and to evaluate these features in terms of anatomical and functional outcomes.
Patients and methods
This was a retrospective, single centre, interventional case series of 214 eyes of 214 children presenting with endophthalmitis at a tertiary eye care centre in south India from December 1997 to December 2007. All patients ≤ 18 years with PTE were included. Of 214 children presenting with endophthalmitis, 143 children presented with PTE. Children with history of any ocular surgery up to 3 months prior to trauma, sepsis, or any systemic foci of infection were excluded. Prior institution review board approval was obtained for this study. A written informed consent was obtained from parent/ guardian of all participating subjects. All the tenets of the declaration of Helsinki were followed.
The epidemiological data of each patient was noted. A detailed history pertaining to type and mode of trauma was elicited from patients/guardians. Visual acuity in pre-school and younger patient was noted with Teller/ Cardiff acuity cards. Snellen's charts were used for school-going children. All patients underwent complete ophthalmic examination including slit lamp biomicroscopy and indirect ophthalmoscopy. Ultrasound was performed in all cases where primary repair was already done and in cases with suspected occult globe rupture. The ultrasound probe was disinfected with Bacillocid 1% solution (Raman and Weil, Mumbai, India) and placed with gentle pressure over the globe. Ultrasound was deferred in cases with open globe injury at presentation. The interval between onset of clinical features of endophthalmitis and first treatment for endophthalmitis was noted and was graded as immediate (o24 h), early (2-7 days), and delayed (47 days).
Aqueous/vitreous tap was performed in all cases undergoing treatment under general anesthesia. The decision for aqueous or vitreous tap was based on clinical judgment of predominant focus of involvement. Eviscerated material was sent for microbiological analysis in cases where primary evisceration was advised. Aspirates were sent for microbiological analysis which included smear (Grams and KOH), culture sensitivity, and PCR for Eubacteria, P. acne, and fungi. Empirical treatment consisting of topical antibiotics and mydriatic agents along with intravitreal antibiotic injections with/ without steroids was started based on initial smear and PCR reports and was individualized in accordance with culture results, and severity of signs and symptoms.
Treatment options included topical and systemic medications, intravitreal medications, and surgical management. All patients with evidence of bacterial infection or clinically suspected bacterial infection were started on topical steroids and received intravitreal Vancomycin (1 mg/0.1 ml), Ceftazidime (2.25 mg/0.1 ml), and dexamethasone (0.4 mg/0.1 ml). Patients were treated with systemic steroids (1 mg/kg body weight) wherever the clinician felt inflammation to be significant. All patients with bacterial infections received parenteral Cefotaxime (50 mg/kg body weight in divided doses) and Gentamicin (5-7 mg/kg body weight/day). Patients with proven fungal infections were treated with parenteral fluconazole (6-12 mg/kg body weight/day) with monitoring of liver enzymes.
All surgeries were performed under general anesthesia with proper aseptic conditions. All patients were reviewed on day 1, day 6 and then 6 weeks after the treatment. Follow-up intervals were individualized at the discretion of the treating surgeon. The details of the last follow-up visit were noted. Treatment outcomes were analyzed in terms of predetermined criteria as follows:
Optimal anatomical outcome (OAO): it was defined as status of an eye with no signs of inflammation at final visit with no complications like retinal detachment or phthisis bulbi.
Adverse anatomical outcome (AAO): was defined as status of an eye with either retinal detachment/ phthisis bulbi or eyes that underwent enucleation/ evisceration.
Optimal functional outcome (OFO): was defined as best corrected visual acuity better than 3/60 with OAO.
Adverse functional outcome (AFO): was defined as best corrected visual acuity equal to or o3/60 with OAO.
Univariate and multivariate analysis using logistic regression was done for age, sex, visual acuity at presentation, type of trauma, source of trauma, corneal tear, corneal abscess, hypopyon, hyphema, exudates in anterior chamber, lens injury, retinal status, culture positivity, microbiological profile, interval between injury and treatment, intravitreal steroids, and vitrectomy to assess the risk factors associated with AAO. Statistical analysis was performed using SPSS 20 software (SPSS Inc, Chicago, IL, USA).
Results

Baseline characteristics
143 eyes of 143 patients met the inclusion criteria. The mean age at presentation was 9.2 years (median: 8 years; range: 2 months to 18 years) and average follow-up period was 23 months (median: 20, range: 9-53 months). Baseline characteristics of the patients are listed in Table 1 . The most common organic source of trauma was broom stick (n = 59), followed by pencil-tip injury (n = 29); whereas hypodermic needle was most common source in inorganic group (n = 14). Sixty-five (46%) eyes had primary repair done within 24 h of injury, 68 (48%) eyes had self-sealed corneal tear, whereas 10 (6%) eyes had occult globe rupture. The average interval between injury and presentation was 17 days (median 12; range 0-198 days). Visual acuity at the time of presentation was light perception or worse in 125 (87%) eyes, whereas only 4 (3%) eyes had visual acuity 46/60. Presenting clinical features are listed in Table 1 .
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Microbiology
Specimen collected for microbiological examination included aqueous tap (n = 4), vitreous tap (n = 102), and eviscerated material (n = 28; primary evisceration = 25, secondary evisceration = 3). No sample was collected from 12 eyes; either owing to non-compliance (n = 9) or owing to pre-phthisical changes with no signs of active inflammation (n = 3). Of the 134 specimen, culture was positive only in 55 (41%) eyes. Gram-positive bacteria were isolated in 31 (23%) eyes and Gram-negative in 21 (16%) eyes. Organisms identified as causative agents are listed in Table 2 . Fungi were isolated in 3 (2%) eyes. Four eyes (3%) had mixed infection. Enterococcus fecalis was the most common Grampositive organism, whereas Klebsiella serratia was the most common Gram-negative organism isolated in 8 (6%) and 6 (4%) eyes, respectively. Among fungi, Aspergillus fumigatus was isolated in two (1.5%) eyes. Table 3 depicts the distribution of various treatment modalities used in the management of PTE along with the respective outcomes. Intravitreal antibiotics were initially given according to the Endophthalmitis vitrectomy study (EVS) protocol 6 and then subsequently based on culturesensitivity reports, if required. Intravitreal steroid was given in 57 eyes along with standard antibiotics. Adjunct procedures included corneal/scleral tear repair (n = 21), penetrating keratoplasty (n = 4), IOFB removal (n = 6), and retinal-detachment surgery (n = 15).
Management
Treatment outcomes
Of 143 eyes at final visit (mean 23 months), 56 (39%) eyes achieved OAO and 87 (61%) eyes had AAO, with retinal detachment in 27 (19%) eyes and phthisis bulbi in 30 (21%) eyes. OFO was seen in 38 (27%) eyes with 14 eyes Abbreviations: AO, anatomical outcome; AP, adjunct procedure; IV, intravitreal drugs; L, lensectomy; V, vitrectomy; VO, visual outcome.
Post-traumatic endophthalmitis in children and adolescents E Rishi et al having best corrected VA of 6/18 or more. AFO was seen in 18 (13%) eyes in which VA deteriorated due to corneal, macular or optic nerve pathologies. Figure 1 shows the detailed distribution of visual acuity at presentation and at final visit in study subjects. Table 4 shows the results of the multivariate analysis done for AAO. Fourteen of 23 patients who were immediately treated (within 24 h) had optimal anatomical and functional outcome, 16 of 42 patients who received early treatment (2-7 days) and 15 of 78 patients who received delayed treatment (47 days) had OAOs, respectively. Patients who received treatment for endophthalmitis within 24 h were 3.6 and 9 times more likely to have better anatomical outcome than those who were treated at an interval of 2-7 days and 47 days, respectively (P = 0.0001). Patients with corneal abscess and/or retinal detachment were 5 times more likely to have an adverse outcome, (P = 0.04) and (P = 0.012), respectively. Vitrectomy had a protective role and patients undergoing vitrectomy were 27 times more likely to have good anatomical outcome (P = 0.0001). Age, sex, visual acuity at presentation, type of trauma, source of trauma, corneal tear, hypopyon, hyphema, lens injury, culture positivity, and use of intravitreal steroids did not have any impact on functional or anatomical outcomes measured (Table 4) .
Discussion
There is limited literature available on PTE among children and adolescents. Paediatric cases accounted for nearly 17% of all cases of PTE in western population. 5 The same was 51% in a series of PTE from India. 7 PTE constituted 69% of all endophthalmitis in children in the present study. The higher incidence of traumatic ocular injuries in boys as compared with girls puts them at a higher risk of developing endophthalmitis. 8 In our series, 72% of patients were males. Similar rates (75%) were reported by Alfaro et al 2 and Junejo et al 1 (67%) in their series. Injuries with 'broomstick' or with 'bow and arrow' were the most common source of injury accounting for 41% of cases in our series. Previous studies from India have also reported a higher incidence of penetrating trauma caused by 'bow and arrow' injuries, which is peculiar to the subcontinent. 8, 9 The mean age at presentation has been reported to be 10 years, 2 whereas the same was 9.2 years in our series. Culture-positive rates have been reported to range from 44 to 75% in western studies. 2,9,10 Narang et al 8 reported of 27% culture positivity from ocular specimen from India. In our study, culture positivity was 41%. The lower culture-positivity rates in our population could be because of the easy 'over-the-counter' availability of antibiotics. This study enrolled patients from a tertiarycare centre and most of the patients had received prior antibiotic treatment elsewhere. Gram-positive organisms account for 57-67% of all microbes in PTE. 2, 9, 11 In the present study, 56% (n = 31) of patients had Gram-positive infections and E. fecalis was the most common organism isolated in 8 (15%) eyes, whereas Staphylococcus and Streptococcus species were isolated in 5 (9%) eyes, each. Staphylococcus aureus, Streptococcus epidermidis and Bacillus cereus were identified as the most common causative organisms in previous studies. 2, 9, 11 In our literature search by PubMed, we came across no other reports with E. faecalis as the most common causative organism in PTE in children. We earlier published our series on E. faecalis endophthalmitis in 7 children with PTE. 12 It carries a poor prognosis and the EVS revealed E. faecalis in only 1.23% of all microbial isolates in culture. 13, 14 Risk factors for endophthalmitis after penetrating trauma have been identified previously. 5, 7, 10 We analyzed these risk factors in terms of anatomical and functional outcomes in our series. We did not find any impact of age on functional or anatomical outcome following treatment. This is in contrast to Alfaro et al 2 who reported poor visual outcomes in children younger than 10 years. This may be owing to the fact that their report came in 1995 and since then many advances have been made in managing endophthalmitis cases in terms of availability of potent antibiotics and improvements in surgical instrumentation. Further, their sample size was very small in comparison with our study. Lens rupture has been reported to have poor outcome, 3-5,11 but Jonas et al 4 in their study did not find any association between the two. Likewise, we also did not find any significant relation between lens rupture and final visual and/or anatomical outcomes.
However, corneal abscess and retinal detachment were identified as independent risk factors for poor outcome in our study. Patients with corneal abscess and/or retinal detachment were five times more likely to have AAO. Presence of either of these warrants an early and aggressive treatment.
Therapeutic vitrectomy was performed in 69% of cases in our study. This is in concordance with the recommendations of previous reports. 12, 13 Early vitrectomy drastically decreases the microbiological load and helps in diffusion of intravitreal and systemic antibiotics within the eye. [14] [15] [16] [17] In this study, 430% patients gained ambulatory vision (VA43/60) after vitrectomy. Patients undergoing vitrectomy were 27 times more likely to have good anatomical outcome than those that did not have vitrectomy.
In conclusion, PTE among children and adolescents is more common in school-age boys and most often caused by injury with organic matter. It is caused by Grampositive bacteria in more than half the cases with E. fecalis being the most common causative organism. Corneal abscess and retinal detachment are independent risk factors associated with poor outcome. Early treatment and therapeutic vitrectomy helps in attaining significant improvement in functional and anatomical outcomes.
Summary
What was known before K The clinical and microbiological spectrum of posttraumatic endophthalmitis.
What this study adds K The clinical and microbiological profile of post-traumatic endophthalmitis in children.
K Post-traumatic endophthalmitis in children is more common in boys o10 years of age and most often caused by injury with organic matter.
K Corneal abscess and retinal detachment are associated with poor outcome.
K Enterococcus fecalis is the most common causative organism.
